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A perpetual quest in the field of topological quantum matter is to search for 
electronic phases with unprecedented band topology and transport phenomena1. 
The most prominent example is the discovery of topological insulators, in which 
band inversion leads to topologically nontrivial bulk electronic structure and 
metallic boundary states2. In two-dimensional topological insulators with time-
reversal symmetry, a pair of helical edge states gives rise to the quantum spin Hall 
effect3-7. When the time-reversal symmetry is broken by magnetic order, only one 
chiral edge mode remains and the quantum anomalous Hall effect emerges in zero 
magnetic field8,9. This quantum Hall phase without Landau levels, first observed 
in magnetically doped topological insulators10-12, is now called the Chern 
insulator1. The recently discovered MnBi2Te4 combines intrinsic magnetism and 
nontrivial topology in one material, providing an ideal platform for exploring 
novel topological phases13-22. Here, we investigate the transport properties of 
exfoliated MnBi2Te4 in exceedingly high magnetic fields up to 60 T. By varying the 
gate voltage, we observe systematic and yet uniquely complex evolution of 
quantized Hall plateaus with Chern numbers from C = -3 to +2. More surprisingly, 
a novel phase characterized by an extremely broad zero Hall plateau emerges as 
the most robust ground state in the high field limit. Theoretical calculations reveal 
that this C = 0 phase arises from the coexistence of a connate Chern band with C 
= -1 and a Zeeman-effect-induced Chern band with C = +1, as corroborated by 
nonlocal transport measurements. This helical Chern insulator phase with broken 
time-reversal symmetry represents an unexpected new member of the quantum 
Hall family, and manifests a new route to change the band topology by using 
magnetic field. 
The van der Waals type crystal structure of MnBi2Te4 is shown schematically in 
Fig. 1a, where the Mn2+ magnetic moments have ferromagnetic (FM) alignments within 
each septuple layer (SL) and antiferromagnetic (AFM) coupling between neighboring 
SLs. The interplay between topology and magnetic order enables the creation of novel 
topological phases and phase transitions15-25. In particular, magnetic-field-induced 
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quantum anomalous Hall (QAH) effect and the axion insulator to Chern insulator phase 
transition have been observed in odd- and even-number-SL MnBi2Te4 flakes20,21, 
respectively. A common feature of all MnBi2Te4 samples in the two-dimensional (2D) 
limit is the robust Chern insulator phase for magnetic field (0H) above 8 T (ref. 20-
22), when the system is magnetized into the FM state. 
A fundamental question that has never been explored experimentally is the fate of 
the Chern insulator phase in super high magnetic fields. Will the magnetization-induced 
quantum Hall (QH) plateau remain forever, or will it be suppressed or transformed into 
other topologically distinct new states, such as the fractional QH effect? As shown 
schematically in Fig. 1b, the chiral edge state in a Chern insulator originates from the 
exchange interaction between local moments and itinerant electron spins8,9. In the 
MnBi2Te4 case, external magnetic field not only aligns the Mn2+ moment (MMn), 
stabilizing the Chern insulator phase, but also couples with the electron spin moment 
(Me) through the Zeeman effect. Depending on the spin polarization of each band, the 
Zeeman shift may induce an inversion of the bulk band from trivial to nontrivial, 
leading to novel topological phases with peculiar edge state configurations. Moreover, 
the coupling of strong magnetic field with electron’s charge degree of freedom will also 
generate Landau levels, and thus conventional QH effect, in thin MnBi2Te4 flakes. 
The MnBi2Te4 samples studied here are mechanically exfoliated few-layer flakes 
fabricated into field-effect transistor devices on SiO2/Si substrate that acts as the bottom 
gate. The details of device fabrication and transport measurements in pulsed magnetic 
fields are described in the method session. All the data in the main text are collected on 
a 7-SL MnBi2Te4 device, and its photo is shown in Fig. 1c. We first characterize the low 
field transport properties at temperature T = 2 K in varied gate voltages (Vgs), and three 
representative curves are shown in Fig. 1d to 1f (see supplementary Fig. S1 for the full 
data set). The most pronounced feature is that for Vg = 4 V, Ryx forms a well-defined 
quantum plateau at -h/e2 for 0H > 8 T, accompanied by the rapid decrease of 
longitudinal resistance (Rxx) to zero. These are characteristic features of a Chern 
insulator phase with C = -1 (ref. 20-22). The magnetoresistance experiences three jumps 
4 
 
at 0H ~ 1.8 T, 4 T, and 7 T due to the successive flips of Mn2+ moments in different 
SLs, which are consistent with previous observations in 3-SL and 5-SL MnBi2Te4 (ref. 
20). As Vg is tuned away from 4 V to either side, the quantized Chern insulator phase is 
suppressed, and the negative (positive) slopes of the Hall traces at Vg = +16 V (-16 V) 
indicate the existence of electron (hole) type bulk carriers. 
When we extend the measurements to much higher magnetic fields, some totally 
unexpected features start to emerge. As shown in Fig. 2a, the C = -1 Chern insulator 
state at Vg = 4 V actually only survives to 15 T. With further increase of magnetic field, 
Ryx drops rapidly from the -h/e2 plateau and, even more surprisingly, forms a very broad 
Ryx = 0 plateau for 0H > 30 T. Meanwhile, Rxx takes off from the zero value, develops 
a shoulder ~ 0.5 h/e2 for 0H ~ 30 T, and then increases again in higher fields. Figure 
2b displays the evolution of Ryx and Rxx between Vg = -2 V and 4 V, when holes are 
added to the Chern insulator state and the Fermi level (EF) moves towards the bulk 
valence band. With the decrease of Vg, the C = -1 Hall plateau becomes narrower and 
then gradually suppressed. The high field C = 0 plateau, on the other hand, is universally 
present and becomes even broader. For Vg = -2 V, the zero Hall plateau spans an 
incredibly wide field range from 10 T to the highest available field of 60 T. The Rxx also 
evolves systematically with Vg, but all the curves tend to converge to the 0.5 h/e2 value 
(marked by the broken line) near the magnetic field when the C = 0 plateau just starts 
to form. 
When Vg is decreased to more negative values, as shown in Fig. 2d, the C = 0 Hall 
plateau disappears. The Hall traces evolve to that characteristic of a 2D hole gas, with 
an overall positive profile and growing amplitude from Vg = -4 V to -16 V. Meanwhile, 
Rxx reduces systematically as more holes are injected into the MnBi2Te4 flake. Figure 
2c shows that at Vg = -16 V, Ryx forms a well-defined Hall plateau at h/e2 (C = +1) for 
0H > 40 T, whereas Rxx completely vanishes. Another weaker plateau around Ryx = 0.5 
h/e2 (C = +2) also starts to develop at 0H ~ 20 T, when Rxx shows a pronounced dip. 
These features are characteristics of the QH effect in a 2D hole gas with Landau levels 
induced by strong magnetic fields. Interestingly, for 0H > 50 T, Ryx starts to decrease 
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from the C = +1 plateau, accompanied by an upturn of Rxx from zero.  
We then tune the gate voltage to the opposite side of the Chern insulator phase with 
Vg from 5 V to 16 V. As shown in Fig. 2f, the general trend is that the C = -1 Hall plateau 
onsets at a higher magnetic field, becomes broader, and approaches the C = 0 plateau 
only at the high-field limit. Moreover, the electron-type QH plateaus with higher Chern 
number C = -2 and -3 develop gradually near 0H ~ 15 T and 24 T, respectively. The 
Rxx curves all drop to zero for the C = -1 phase, and exhibit sharp dips at the center of 
the C = -2 and -3 QH plateaus. Figure 2e displays the Ryx and Rxx curves measured at 
Vg = 16 V, which presents these features more clearly. The C = -3 phase is more stable 
than the C = -2 phase, both from the width of the Hall plateau and the depth of the dip 
in Rxx. The even-odd oscillations are commonly observed in conventional QH effect, 
owing to the different roles played by the Landau levels and Zeeman effect26. 
Based on the collection of high field data shown above, in Fig. 3a to 3c we depict 
three contour maps of Ryx, dRyx/dH and Rxx in the 0H and Vg plane. The most prominent 
feature is that the C = 0 phase occupies the largest portion of the phase diagram. It is 
always the most stable ground state when the system is driven towards the quantum 
limit by strong magnetic field, regardless of the position of EF. The QH phases due to 
Landau levels, on the other hand, exhibit apparent electron-hole asymmetry. In the hole-
type regime, the QH phase with C = 1 only becomes evident for 0H > 30 T and Vg < -
12 V, and the C = 2 phase is barely visible in the parameter range covered here. In the 
electron-type regime, in contrast, the C = -1 phase exists in a broad magnetic field and 
Vg ranges, and the higher Chern number phases are also quite evident. Except for the C 
= 0 phase, the general patterns in the high field regime exhibit typical Landau level fan 
diagrams for QH effect. Highly consistent results are also obtained in a 6-SL MnBi2Te4 
device, as documented in supplementary Figs. S2 to S4. 
The biggest puzzle revealed by the high field experiments is the nature of the C = 
0 phase that prevails in the phase diagram. There are existing explanations for zero Hall 
resistance, such as the coexistence of electron-hole puddles, but a careful analysis of 
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the transport data can rule it out. The zero Hall resistance in the electron-hole puddle 
picture is an accidental state that cannot persist to such a wide range of magnetic fields 
and Vg. Moreover, it cannot explain the convergence of Rxx towards the 0.5 h/e2 plateau 
in the initial stage of the C = 0 phase. Remarkably, these transport signatures are highly 
reminiscent of the quantum spin Hall (QSH) phase, where helical edge states lead to 
zero Hall plateau and half quantized four-terminal resistance5,6. However, the existence 
of QSH effect requires the time-reversal symmetry (TRS)3-7, i.e., the absence of 
magnetic field or magnetic order. 
We hypothesize that the C = 0 phase observed here is a new topological phase that 
possesses a pair of counter-propagating chiral edge states, analogous to the QSH effect, 
but is induced by strong magnetic fields owing to the unique electronic structure of 
MnBi2Te4. This conjecture is verified by both density functional theory and effective 
model calculations (see supplementary Figs. S5-S6 for details). Figure 3d shows the 
calculated band structure of 7-SL MnBi2Te4 in the FM state. The breaking of parity-
time symmetry by FM order significantly enhances the interlayer coupling, driving the 
bulk of MnBi2Te4 into a Weyl semimetal phase15,17,25. In the thin film case, the low-
energy physics near EF is described by four spin-polarized quantum well states, among 
which one pair of subbands (red curves) is already inverted by exchange coupling due 
to intrinsic magnetic order. This connate Chern band is responsible for the robust C = -
1 Chern insulator phase observed by several groups in MnBi2Te4 flakes20-22. The blue 
curves represent two trivial quantum-well states with an energy gap as small as 3 meV. 
A closer examination of the spin configuration of each band reveals an enticing 
possibility of Zeeman-effect induced topological phase transition. The black arrows in 
Fig. 3e schematically illustrates the z component of the total spin for each band 
(designated as Jz). In an external magnetic field, bands with opposite Jz shift towards 
opposite directions. For sufficiently strong magnetic field, the Zeeman energy surpasses 
the gap size of the trivial quantum well state, inverting it into a topologically nontrivial 
Chern band with C = +1. The edge channels of the connate C = -1 Chern band and the 
induced C = +1 Chern band are schematically drawn in the top panel of Fig. 3e, where 
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they constitute a pair of counter-propagating states. Although it superficially resembles 
the QSH helical states, there is a fundamental difference in terms of the topological 
nature. The two chiral edge states originate from two distinct Chern bands, thus can be 
dubbed a helical Chern insulator phase. 
The opposite chirality of the two edge channels in the helical Chern insulator can 
naturally explain the C = 0 Hall plateau, but Rxx is determined by the scattering between 
the counter-propagating states. When the Zeeman-effect induced topological phase 
transition just occurs, the inverted bulk gap is small and the C = +1 edge states are not 
confined to the sample boundary27. The scattering between the two spatially separated 
chiral edge states is weak, thus the Rxx value at the initial stage of the C = 0 phase is 
very close to 0.5 h/e2 for scattering-immune helical transport. With further increase of 
magnetic field, the inverted bulk gap increases and the edge states are pushed towards 
the boundary. The enhanced scattering between the two chiral edge states causes a rapid 
increase of Rxx, precisely like that observed experimentally (Fig. 2b). The Zeeman-
effect induced band inversion and edge state generation can be regarded as the reverse 
process of the birth of QAH chiral edge state from the QSH system8. 
In addition to the Zeeman effect, magnetic field also couples with electron’s orbital 
degree of freedom and generates discrete Landau levels. Taking both effects into 
account, we derive a phase diagram of Chern numbers as a function of magnetic field 
and energy (Fig. 3f). The blue lines denote the dispersion of Landau levels as a function 
of magnetic field, and the Chern numbers are marked when EF is tuned into each regime. 
Apparently, the experimental phase diagrams (Fig. 3a to 3c) are very well-reproduced. 
A large portion of the phase diagram is occupied by the C = 0 helical Chern insulator 
phase in the high field range, and the spacing of Landau levels in the electron side is 
wider than that of the hole side due to the electron-hole asymmetry in the band structure. 
The excellent agreement between theory and experiment strongly indicates the validity 
of the proposed physical picture. 
To further confirm the helical Chern insulator phase, we perform multiterminal and 
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nonlocal transport measurements at Vg = 4 V, when both the C = -1 and C = 0 phases 
are clearly resolved. Figure 4a displays the schematic setup of the 2-terminal (R2T) and 
3-terminal (R3T) measurements. For the helical Chern insulator phase without scattering 
between the chiral edge states, the Landauer-Buttiker formalism renders R2T = 2 h/e2 
and R3T = 1/2 h/e2, because each pair of neighboring electrodes contribute a quantum 
resistance h/e2. The experimental results in Fig. 4b exactly match such expectation for 
0H ~ 30 T, as marked by the horizontal dashed lines. Figures 4c and 4e illustrate two 
different setups for nonlocal measurements, which directly detect edge state transport28. 
When the current flows between the two corner electrodes 1 and 8, the voltage drops at 
V34, V45 and V56 should be negligible for conduction by bulk states, but are expected to 
be 1/8 h/e2 for helical edge state transport. Clearly, R18,34, R18,45 and R18,56 all converge 
to the 1/8 h/e2 value when the C = 0 state just emerges and the scattering between chiral 
edge states is weak. Similarly, when the current flows between electrodes 1 and 7, the 
expected value of R17,87 is 3/4 h/e2, whereas for R17,34 and R17,45 it is 1/4 h/e2. The 
experimental results in Fig. 4f are also consistent with these values for 0H ~ 30 T. As 
explained previously, the rapid increase of resistance in higher magnetic fields are due 
to the scattering between the two chiral edge states when they get closer to each other. 
The helical Chern insulator phase discovered here represents a new topological 
phase of matter, and an unexpected new member of the quantum Hall family. The 
helical edge states are distinct from the chiral edge states in the QH and QAH phases, 
and the broken TRS also distinguishes it from the standard QSH phase. The Zeeman-
effect induced topological phase transition represents a new route to create novel 
topological phases and to fine tune the scattering between the edge channels29-31. With 
the presence of QH, QAH, and now the helical Chern insulator phases, MnBi2Te4 has 
emerged as the most versatile platform for discovering more exotic topological 
quantum matters. 
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FIGURE CAPTIONS 
Figure 1 | Basic properties of a 7-SL MnBi2Te4. a, Schematics of crystal and magnetic 
structure of the 7-SL MnBi2Te4 device. b, Illustration of the chiral edge state in the 
Chern insulator phase with the chirality marked by the red arrowed lines. The magenta 
and blue arrows denote the Mn2+ magnetic moments (MMn) and electron spin moment 
(Me). c, Optical image of the measured 7-SL device. d, Magnetic field dependent Rxx 
(red) and Ryx (blue) at Vg = 4 V and T = 2 K. The Chern insulator phase is realized when 
magnetic field is above 8 T, which is characterized by the Ryx = -h/e2 plateau and Rxx = 
0. e, As Vg is tuned to -16 V, the transport is dominated by hole-type carriers. The jumps 
in Rxx at magnetic field of around 1.8 T, 4 T, and 7 T correspond to the successive flips 
of Mn2+ moments in different SLs. e, At Vg = 16 V, the EF is tuned to the conduction 
band and the transport exhibits characteristic features of 2D electron gas.  
Figure 2 | Transport properties in pulsed magnetic field up to 60 T. a-b, Magnetic 
field dependent Rxx and Ryx at -2 V ≤ Vg ≤ 4 V. At Vg = 4 V, the C = -1 state is completely 
suppressed for 0H > 30 T, followed by the C = 0 state characterized by a broad zero 
Hall plateau. Near the onset field of C = 0 state, Rxx develops a shoulder ~ 0.5 h/e2. 
With the decrease of Vg, the C = -1 state is suppressed, accompanied by the broadening 
of the C = 0 state. The black dashed line in (b) denotes the Rxx = 0.5 h/e2 plateau. c-d, 
Transport behaviors in the 2D hole gas regime. At Vg = -16 V, Ryx forms a wide Hall 
plateau at h/e2 and Rxx drops to zero. A weaker C = 2 plateau also starts to form near 20 
T. e-f, With the increase of Vg from 5 V to 16 V, the C = -1 Hall plateau onsets at a 
higher magnetic field, becomes broader, and approaches the C = 0 plateau only at the 
high-field limit. Electron-type QH plateaus with higher Chern number C = -2 and -3 
also start to form. 
Figure 3 | Contour plots and theoretical analysis of the Chern insulator phases. a-
c, Experimental phase diagrams of Ryx (a), dRyx/dH (b), and Rxx (c) in the magnetic field 
and Vg plane. The C = 0 phase is the most stable ground state when the system is driven 
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towards the quantum limit by magnetic field. d, Calculated band structure of 7-SL 
MnBi2Te4 along the M-Γ-K direction when the system is driven into the FM state. The 
red and blue lines denote the connate inverted Chern band and topologically trivial band, 
respectively. e, Schematics of Zeeman-effect-induced topological phase transition. The 
arrows denote the polarization of total spin degree of freedom. The top panel illustrates 
the spatial evolution of helical edge states upon increasing magnetic field. f, Calculated 
Landau level spectrum and corresponding Chern numbers for 7-SL MnBi2Te4. 
Figure 4 | Multiterminal and nonlocal measurements in the helical Chern insulator 
phase. a-b, Schematic layout of the experimental setup and results of two- and three-
terminal measurements. In the C = 0 phase, the two counter-propagating edge modes 
between two neighboring electrodes contribute a quantum resistance h/e2. The expected 
values for R2T and R3T are 2 h/e2 and 1/2 h/e2, respectively, as denoted by the broken 
lines. c-d, Nonlocal measurements with current flowing through two neighboring 
electrodes 1 and 8. The different colored lines in (d) represent the results measured from 
different probes. The convergence of all three curves near 1/8 h/e2 (denoted by the 
broken lines) indicates the helical edge transport in the initial stage of the C = 0 phase. 
e-f, Nonlocal measurements in another setup with current flowing through electrodes 1 
and 7. Depending on the position of the voltage probes, the resistance values of 1/4 and 
3/4 h/e2 are expected, which are confirmed by the experimental results.  
 
Methods 
Crystal growth High-quality MnBi2Te4 single crystals were grown by direct mixture 
of Bi2Te3 and MnTe with the ratio of 1:1 in a vacuum-sealed silica ampoule. After first 
heated to 973 K, the mixture is slowly cooled down to 864 K, followed by a long period 
of annealing process. The phase and crystal quality are examined by X-ray diffraction 
on a PANalytical Empyrean diffractometer with Cu Kα radiation. 
Device fabrication MnBi2Te4 flakes were mechanically exfoliated onto 285 nm-thick 
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SiO2/Si substrates by using the Scotch tape method. Before exfoliation, all SiO2/Si 
substrates were pre-cleaned in air plasma for 5 minutes with ~ 125 Pa pressure. Thick 
flakes around the target sample area were manually scratched off by using a sharp 
needle. A 270 nm thick Poly(methyl methacrylate) (PMMA) layer was spin-coated on 
the exfoliated film before electron-beam lithography (EBL). After the EBL, 53 nm thick 
metal electrodes (Cr/Au, 3/50 nm) were deposited using a thermal evaporator connected 
to an argon-filled glove box with the O2 and H2O levels lower than 0.1 PPM. 
Throughout the fabrication and sample transfer process, the device was covered by 
PMMA to avoid direct contact with air. Two devices with 7-SL and 6-SL MnBi2Te4, 
denoted as device S1 and S2, were measured in pulsed magnetic field. The data shown 
in the main figures are taken from device S1, and that of device S2 are documented in 
supplementary Fig. S1 to S4. 
Transport measurement High-field electrical transport measurements were performed 
in a 4He cryostat with the base temperature of 2 K in Wuhan National High Magnetic 
Field Center. A pulsed DC current of 4 μA was generated by a Yokogawa GS610 current 
source. An uncertainty of 250 Ω arising from the high rate of field sweep (1000 T/s) in 
pulsed magnetic field measurements and imperfect cancellation of measurement circuit 
was estimated according to the real geometry of the circuit. The absence of hysteresis 
in low-field transport data of the 7-SL MnBi2Te4 samples is due to fast field sweeping 
rate. Low-field calibration of the 6-SL thick device S2 was performed in a commercial 
4He cryostat with a superconducting magnet up to 9 T. The longitudinal and Hall 
voltages were measured simultaneously by using lock-in amplifiers with AC current of 
200 nA generated by a Keithley 6221 current source. The back gate was applied by a 
Keithley 2400 source meter. To eliminate the effect of electrode misalignment, the 
measured four-terminal longitudinal and transverse resistances were symmetrized and 
antisymmetrized with respect to magnetic field. 
Theoretical calculation First-principles calculations were performed in the framework 
of density functional theory (DFT) using the Vienna ab initio Simulation Package32. 
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The plane-wave basis with an energy cutoff of 350eV was adopted, in combination with 
the projected augmented wave (PAW) method. The Monkhorst-Pack k-point mesh of 9 
× 9 × 3 were adopted in the self-consistent calculation with inclusion of spin-orbit 
coupling. The modified Becke-Johnson (mBJ) functional33 was employed to improve 
the description of electronic band structure in the ferromagnetic (FM) MnBi2Te4 bulk. 
The DFT-D3 method34 was used to describe van der Waals (vdW) interactions between 
neighboring septuple layers in MnBi2Te4. The tight-binding models derived from the 
FM bulk were used to model thin films. Maximally localized Wannier functions were 
constructed from first-principles calculations of the FM bulk, and the tight-binding 
Hamiltonian of the FM bulk was obtained. Then, tight-binding Hamiltonians of thin 
films were constructed by cutting slabs from the bulk. Band structures, topological 
properties, edge state calculations35 and effective k·p Hamiltonians of MnBi2Te4 thin 
films were computed based on the tight-binding Hamiltonians. 
Data Availability: All raw and derived data used to support the findings of this work 
are available from the authors on request. 
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